Abstract -Geosynthetics are used as reinforcing elements in different soil structure: reinforced slops and walls; embankments on soft soils; reinforcement in the base layers of road construction; bridging of sinkholes or reinforced abutments. The pull-out test is one of the methods that used to study pull-out behaviour and soil-reinforcement interaction .In current study, the pull-out test has been modelled by finite element to investigate possibility of pull-out resistance enhancement of clay reinforced with three categories of geogrid (homogenous, coated woven, welded straps) embedded in thin layers of sand. Pull-out test on sand-geogrid, clay-sand-geogrid samples have been simulated at normal pressure of 50 kPa. Numerical results show the provision of thin layers around the geogrid. Significantly increase pull-out resistance of clay soil under monition loading conditions and optimum ratio sand layer thickness to box test height of 0.15 has been determined for maximum enhancement. The pull-out force increase with increasing the axial stiffness (EA) in Welded straps geogrid.
Introduction
It is expected As an important reinforcement material in practice, geogrids have been used in dealing with various geotechnical problems, e.g. stabilizing the soil structures; embankment on soft soil reinforced slops; increasing the bearing capacity (Lajevardi etal.,2013; Lajevardi et al.,2014; Palmeira, 2004; Teixeira et al., 2007; Moraci and Cardile,2009) . In all experimental studies, the pull-out test has been regard as a better way to investigate the geogrid-soil interface behaviour (Yogarajah and Yeo, 1994) . Plenty of pull-out tests has been carried out based on various geogrid soil types ( e. In order to save cost aggregate extraction, there is a tendency to use low quality granular materials have been the preferred backfill material due to their high strength and ability to dissipate excess pore water pressures rapidly (Elias and Christopher, 1996; Abdi and Zandieh, 2014).Many researchers studied various factors affecting pull-out response of reinforcements in sand, such as box size, sleeve length, test speed, soil-geogrid interaction (Bergado et al., 1987; Palmeira and Meilligan,1989; Palmeira, 2009; Abdi and Zandieh, 2014 Lack of good quality granular soils or costs of using of inferior low quality clay soils in reinforced soil structures. When clay soils is used in reinforced soil, a thin sand layer around the geogrid will be increased stability, pull-out resistance and promote soil-reinforcement interaction.
The pull-out test will help to study soil-reinforcement interaction and numerical study is complementary in experimental study. This study investigates effect of different categories of geogrid on pull-out resistance in clay-sand-geogrid and sandgeogrid samples numerically .pull-out test has been modelled by the finite element software that used to model pull-out test.
Numerical model
Pull-out simulation has been considered as a plane strain problem where displacements and strains in the direction parallel to the length of the retaining wall or the width of box are assumed equal to zero (Khedkar and Mandal, 2009 ).
Material
Finite elements Young's modulus as basic stiffness modulus in elastic and Mohre-Coulomb models. The initial slope of stresses-strain curve of sand is usually indicated as E and the secant modulus at 50% strength is denoted as E50. For highly over-consolidated clays and some rocks, it is realistic to use E , however, for sands it is more appropriate to use E50 .Volumetric changes which occur during shearing of soils can be conveniently characterized by dilatancy angle (Abdi and Zandieh, 2014).
Reinforcement
Fig . 1 shows the three categories of geogrids which have been used in this study. Fig. 2(a) illustrates the original type of geogrids, in this category polypropylene square sheets are punched and then is drawn longitudinally. Fig. 2(b) shows coated woven geogrid. In this category used 200 high tenacity polyester filament and contained them in very different compositions. They were fabricated in to grid structure by melt bonding the overlapping sheets together. Fig. 2 (c) shows welded straps geogrid made from high tenacity PET or polypropylene (pp) rods or straps. In this type grid structure ultrasonically welded them together with aid of steel screen placed within the intersections (Koerner, 2009 ). The geometrical and strength characteristics of three categories geogrids are presented in Table. 1. 
Soil material
A fine grained soil and granular material have been used, cohesive and granular soils were selected kaolinite and natural sand respectively. The parameters that used for numerical model are presented in Table. 2. Their physical ICGRE 175-3 properties determined according to ASTM Standards. Fig. 2 illustrates particle size distribution curves of clay and sand. 
Geo-foam
To reduce rigidity effects of frontal face of the box, a 1.0 cm thickness geo-foam sheet was placed on inner face of the front wall.(Sugimoto et al,2001;Abdi and Zandieh,2014).The geo-foam parameters used for finite elements software are presented in Table. 3. 
Interface strength
Interface is modelled by virtual thickness interface element which is calculated as "virtual thickness factor times the average element size" .Interaction coefficient, R ( , in case of Plaxis v8.6) is defined as the ratio of the shear strength at soil structure interface (Vermeer and Brinkgreve, 1995) .
Where, is the skin friction angle (interaction friction angle) between soil and reinforcement; R is the interaction coefficient and is the angle of soil friction. Vermeer and Brinkgreve (1995), Khedkar = √ 12 (2) Where, EI is flexural rigidity of member and EA is the axial stiffness. To simulate the stiffness of transverse members, equivalent depth (equivalent thickness) of these members ( ) was specified as 2, 7, 15 mm in three categories geogrid in this paper. Interference between transverse members is an important factor affecting grid behaviour and is a function of length, thickness and spacing of these elements (Palmeira, 1987; Palmeira and Milligan, 1989 ; Abdi and Zandieh, 2014).
Geometrical Modelling
To simulate pull-out test, geometry of the box has been modelled similar to that of actual test box as shown in Fig.3 has been used by Abdi and Zandieh (2014) . Bottom boundary was modelled by total fixity, whereas normal boundary was fixed horizontally, so that soil could not move horizontally beyond the boundary, yet settlement of soil was permitted. Normal pressure was modelled by uniformly distributed load on top surface of soil and pull-out load simulated as horizontal nodal force. Longitudinal members of reinforcement were modelled by geogrid element and transverse members by plate elements as stiffness is the important parameter for these members (Khedkar and Mandal, 2009; Abdi and Zandieh, 2014).Length of box was 100cm, height and width of 60 cm was designed and fabricated. 
Verify numerical simulation
In order to verify the numerical simulation, pull-out test conducted by Abdi and Zandieh (2014) have been simulated. For comparative purpose, results of numerical analysis and experimental and experimental test for claysand-geogrid samples as pull-out force versus sand layer thickness encapsulating the geogrid in Fig. 4 . Numerical and experimental results show good agreement. The differences vary maximum of 15%.
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Results
Finite element method has been used for modelling pull-out test while the soil were sand and clay, reinforcement embedded in thin layers of sand.
Influence categories of geogrid on pull-out force
Results illustrate difference between pull-out resistance in three category of geogrids is minimal when the length of geogrids are 25cm and 50cm but in 75cm and 97 cm lengths of geogrid pull-out resistance in welded straps is greater than other categories. In enhancement due to increasing axial stiffness (EA) and decrease mesh size than from two category of geogrids. Fig. 5(a)-(c) show Variations of maximum pull-out force versus length of geogrid in three category of geogrids. Fig. 6 (a)-(c) show variation of pull-out force versus length of geogrids. Based on these observation, pull-out resistance increase by increase ratio of thickness sand layer to test box height. The enhancement of pull-out resistance is mainly due to the passive soil resistance building up in front of transverse members until a state of failure is reached in the soil close to the reinforcement. The proportion of passive soil resistance in front of trans-verse members is considerably larger than the friction resistance along the geogrid and the overall restraint provided is determined by particle size and grading of the soil also reported by Palmeira (2009) 
Influence sand layer around the reinforcement

Influence Length of geogrid
In order to study effect length of geogrid, investigation employing a finite element program has been conducted to simulate pull-out test. Analysis was carried out using a normal pressure of 50 kPa, geogrid length 25, 50, 75 and 97 cm and ratios of thickness sand layer to test box height ( ℎ ) were 0.05, 0.10 and 0.15.
In all cases, pull-out force increased by increasing length of geogrid. The rate of increase pull-out forces in all categories of geogrids due to decrease mean stress distribution between successive transvers members by increasing length of geogrids from 25 cm to 75 cm is greater than from 75 cm to 97 cm. Fig. 7 shows simulation numerical results, while ratio was 0.15. 
Conclusion
The pull-out test has been simulated for evaluating the interaction of clays reinforced with three category geogrids encapsulated in thin layers of sand for promoting the use of inferior soils in soil structures. Based on the numerical results, the following conclusions have been drawn: -Encapsulation of geogrids with thin sand layer increased pull-out force in clay reinforced structures. Maximum pullout force obtained for ℎ =0.15 and 97 cm length of geogrid was approximately 57.72 kN/m at Welded straps respectively -Maximum pull-out force has been obtained in Welded straps category. This type of geogrid has a axial stiffness greater than the other two category of geogrids.
-Pull-out force increased by increasing length of geogrid. The rate of increase in pull-out forces by increasing length of geogrids from 25 cm to 75 cm is greater than from 75 cm to 97 cm.
